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doi:10.1016/j.ejvs.2009.10.009Abstract We have defined proximal lower limb ischaemia as a decrease in Exercise-transcu-
taneous oxygen pressure (TcPO2) lower than minus 15 mmHg at the buttock level in patients
with peripheral artery occlusive disease. The purpose of this study was to objectively evaluate
the benefits of direct versus indirect revascularisation of internal iliac arteries (IIAs) for
prevention of buttock claudication in this population.
We retrospectively reviewed the charts of proximal ischaemia patients who underwent re-
vascularisation and both preoperative and postoperative stress TcPO2 testing. Revascularisa-
tion procedures were classified as either direct revascularisation, including percutaneous
transluminal angioplasty and internal iliac artery bypass, resulting in a direct inflow in a patent
IIA (group 1) or indirect revascularisation, including aortobifemoral bypass and recanalisation
of the femoral junction on the ischaemic side, resulting in indirect inflow from collateral
arteries in the hypogastric territory (group 2). Patency was checked 3 months after revascular-
isation in all cases.
Treadmill exercise stress tests were performed before and after revascularisation using the
same protocol designed to assess pain, determine maximum walking distance (MWD) and
measure TcPO2 during exercise. In addition, ankleebrachial indices (ABIs) were calculated.
Between May 2001 and March 2008, a total of 93 patients with objectively documented prox-
imal ischaemia underwent 145 proximal revascularisation procedures using conventional open
techniques in 109 cases and endovascular techniques in 36. Direct revascularisation was per-
formed on 50 limbs (35%) (group 1) and indirect revascularisation on 95 limbs (65%) (groupire d’explorations vasculaires, Centre hospitalier universitaire 49933 Angers cedex 09 France. Tel.:
42.
gers.fr (P. Abraham).
ty for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
324 A. Paumier et al.2). The mean interval between revascularisation and stress testing was 60 74 days preoper-
atively and 149 142 days postoperatively.
No postoperative thrombosis was observed. Buttock claudication following revascularisation
was more common in group 2 (p< 0.001). No difference was observed between the two groups
with regard to improvement in MWD (365 / 294 m) and ABI (0.20/0.22). Disappearance of prox-
imal ischaemia was more common after direct revascularisation (p< 0.01). The extent of
lesions graded according to the TASC II classification appeared not to be predictive of improve-
ment in assessment criteria following revascularisation. Conversely, patency of the superficial
femoral artery was correlated with improvement (p< 0.01).
This study indicates that direct revascularisation, if feasible, provides the best functional
outcome for prevention of buttock claudication.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.In patients with peripheral artery occlusive disease (PAOD),
proximal lower limb ischaemia is challenging for clinical
diagnosis, laboratory work-up and therapeutic strategy. It is
because of decreased blood flow in the region supplied by
the branches of the internal iliac artery (IIA), that is, the
walls and viscera of the pelvis. Proximal lower limb
ischaemia is certainly underestimated in the relevant
literature. Our group previously described the great diver-
sity of clinical manifestations that can be observed in the
lumbar, gluteal or thigh regions.1,2 We also reported
measurement of proximal transcutaneous oxygen pressure
(TcPO2) during treadmill exercise tests (stress TcPO2) that
was confirmed to be the most effective and useful
screening studies for proximal lower limb ischaemia.3 Up to
now, only a few cases of buttock claudication treated by
direct revascularisation of the IIA have been reported, and
this therapeutic approach is still considered as second line,
technically difficult and even controversial.4e13 To our
knowledge, there have been no studies evaluating thera-
peutic management of proximal ischaemia.
Because of an aggressive politic of AII revascularisation
in patients with PAOD and proximal ischaemia in our insti-
tution, we present a study with a large number of included
patients treated with direct AII revascularisations. The
purpose of this study was to objectively evaluate the
functional outcome of direct and indirect revascularisation
of the IIA and to compare the two revascularisation strat-
egies in patients presenting proximal ischaemia docu-
mented by stress TcPO2.Materials and Methods
Methods
Patients were selected by retrospective review of data
from all patients, fulfilling inclusion criteria, between May
2001 and March 2008. The four criteria needed for inclusion
in the study cohort were as follows:
1. Intermittent stage II claudication according to the
Fontaine classification, persisting after at least 3
months of medical treatment consisting of walking
rehabilitation, anti-platelet therapy (low-dose aspirin
at 75e160 mg per day or clopidogrel at 75 mg per day),
statin treatment and management of cardiovascularrisk factors (e.g., smoking, arterial hypertension, dys-
lipidemia, overweight and diabetes).14,15
2. Proximal ischaemia documented by preoperative
measurement of buttock TcPO2 during treadmill stress
testing. Proximal ischaemia was defined as a drop in
TcPO2 lower than minus 15 mmHg during stress TcPO2:
delta from resting of oxygen pressure (DROP).3,16
3. Proximal conventional open surgical revascularisation
(OR) or percutaneous transluminal angioplasty (PTA)
involving the aortic, iliac and/or femoral territories.
4. Postoperative stress TcPO2.
Exclusion criteria were as follows:
1. No medical treatment prior to direct or indirect
revascularisation.
2. Advanced-stage occlusive lower limb artery disease.
3. Contraindications for treadmill stress exercise testing.
4. No treadmill exercise stress testing before or after
surgical therapy.
5. Surgical therapy involving only distal territories.
6. Non-atheromatous artery occlusive disease.
The medical histories, cardiovascular risk factors and
type of surgical procedures of the selected patients were
noted. Vascular lesions detected on each lower limb by
medical imaging, that is, arteriography, computed tomog-
raphy (CT) scan or magnetic resonancenuclear imaging
(MRI) were classified individually according to the criteria
of the 2007 Transatlantic InterSocietal Consensus on
peripheral Occlusive Disease (TASC II).17
Choice of surgical technique was at the discretion of the
surgeon within the limits of prevailing recommenda-
tions.14,15,18,19 Patency of the ipsilateral IIA and superficial
femoral artery were also noted.
Patients were divided into two groups depending on the
type of revascularisation procedure used. Group 1 included
direct revascularisation of the IIA ipsilateral to proximal
ischaemia. Procedures involving upstream lesions were
included if preoperative imaging demonstrated patency or
absence of significant lesions in the IIA. Conventional
revascularisation of the IIA was never performed as an
isolated procedure. Group 2 included indirect revascular-
isation of the IIA from the deep femoral artery or its
branches using various OR techniques, that is, aortobife-
moral bypass, recanalisation of the femoral bifurcation
Benefit of Proximal Revascularisation Procedures for Peripheral Artery Occlusive Disease 325ipsilateral to proximal ischaemia and aorto-iliac bypass or
PTA in case of IIA occlusion.
The parameters measured during the treadmill stress
test were maximum walking distance (MWD) and buttock
TcPO2. Preoperative and postoperative ankleebrachial
index (ABI) was also calculated.
Three months after revascularisation, patients were
asked to evaluate any proximal pain manifestations (e.g.,
hip, buttock or thigh) and the patency of revascularised
vessels was assessed by Doppler ultrasonography.
The primary study endpoint was disappearance or not of
proximal ischaemia defined as normalisation of DROP after
revascularisation. Secondary endpoints included presence
of vascular-related proximal pain after surgical therapy and
changes in ABI and MWD measured during treadmill exercise
testing. In addition, the impact on these assessment
criteria of stenotic or occlusive vascular lesions at the
aorto-iliac level and patency of the SFA ipsilateral to
proximal ischaemia was studied.
Dynamic TcPO2 testing
Treadmill stress exercise tests were carried out using the
previously described protocol in all patients.3,16 Briefly,
after a 20-min resting period, the patients were brought
into the test room in which the ambient temperature was
maintained at 21 2 C. Sensors (TINA TCM3 Radiometer,
Copenhagen DMK) used to measure proximal TcPO2 were
placed on the buttocks. The reference sensor was placed on
the chest. After a 2-min rest period in the standing position,
speed was increased rapidly up to 3.2 km h1 with 10%
grade. The speed and grade were kept constant until MWD
was reached or up to 20 min (w1000 m) in the absence of
walking limitation. Changes were corrected in function of
reference readings from the thoracic sensor and a possibleTable 1 Comparison of preoperative data overall and by group d
used, i.e., direct (group 1) or indirect (group 2).
Total
N 145
Age (years) 59 9
Body mass index 26 4
Coronary artery disease 49 (34%)
Dyslipidemia 77 (53%)
Smoking 133 (91%)
Diabetes 36 (24%)
Hypertension 77 (53%)
Time between
preoperative TcPO2 and surgery(days)
61 74
ABI 0.71 0.21
Proximal pain 100 (69%)
MWD (m) 164 103
Proximal DROP 30 12
TASC II A and B 44 (31%)
TASC II C 31 (21%)
TASC II D 63 (43%)
Obstruction of the femoral bifurcation 7 (5%)
SFA occlusion 29 (20%)
ABI: ankleebrachial index, MWD: maximal walking distance, SFA: supedrift in measurement values. The DROP value was the
lowest observed at each buttock after subtraction of chest
TcPO2 changes from buttock TcPO2 changes.
3,16,20
Statistics
A DROP value lower than 15 mmHg was considered
indicative of the presence of a hypogastric blood flow
impairment according to our previous observations.3
Statistical calculations for analysis of the two groups were
performed using a t-test on independent samples with
a hypothesis of equal variance for numerical data, while
Pearson’s chi-square test was used for categorical vari-
ables. A general linear model was used to evaluate the
impact of TASC II grade (excluding lesions of the proximal
ischaemia) and patency of the ipsilateral SFA on assess-
ment criteria. The selected level of significance was
p < 0.05.
Results
Study population
A total of 93 patients (83 men, 10 women) meeting inclu-
sion criteria were selected for study. These patients
underwent a total of 145 proximal revascularisation
procedures, including 50 direct revascularisations of the IIA
ipsilateral to proximal ischaemia (group 1) and 95 indirect
revascularisations (group 2).
The characteristics of the study population are shown in
Table 1. The two groups differed with regard to age, preop-
erative ABI and aorto-iliac lesion severity. Patients in group 2
were older than patients in group 1: 61 9 years versus
55 9 years (p < 0.001). Classification of vascular lesionsepending on the type of proximal revascularization procedure
Group 1 Group 2 p
50 95
55 9 61 9 <0.001
26 5 26 4 ns
13 (25%) 36 (38%) ns
25 (49%) 52 (55%) ns
45 (88%) 88 (93%) ns
14 (27%) 22 (23%) ns
22 (43%) 55 (59%) ns
63 70 59 77 ns
0.79 0.20 0.66 0.21 <0.001
36 (72%) 64 (67%) ns
171 110 160 99 ns
30 11 30 12 ns
27 (54%) 17 (18%) <0.01
4 (8%) 27 (29%) <0.01
19 (38%) 44 (46%) <0.01
0 (0%) 7 (7%)
1 (2%) 28 (30%)
rficial femoral artery, DROP: delta from rest of oxygen pressure.
326 A. Paumier et al.individually per limbaccording toTASC II criteria showed that
severity was greater in group 2 than in group 1 (p< 0.01).
Procedures
The 145 proximal revascularisation procedures included 109
conventional open surgical revascularisations (ORs) and 36
percutaneous transluminal angioplasties (PTAs). There
were 20 ORs (40%) and 30 PTAs (60%) in group 1 and 89 ORs
(94%) and 6 PTAs (6%) in group 2. Table 2 shows the distri-
bution of procedure types used in each group according to
the lesion grade determined based on the TASC II classifi-
cation individually per limb excluding surgery on the
femoral bifurcation (nZ 7). It is of interest to note that 54%
of group 1 patients had TASC II A and B with persistent stage
II claudication despite a minimal duration of 3 months
under optimal medical treatment.
Functional outcome
As a result of selection criteria, patients who potentially
died immediately after the procedure or within the first 3
months of follow-up were not taken into account in this
study. Ultrasonography carried out immediately after the
procedure and at 3 months follow-up showed no thrombosis
of the revascularised artery.
Postoperative exercise stress tests could not be
completed in 24 of the 93 patients because of chest pain in
eight cases, shortness of breath in nine, disabling back pain
in four and orthopaedic causes in four.Table 2 Type of procedure performed in each group in funct
individually for each limb.
Group 1
OR PTA
TASC A or B 7 20
TASC C 1 3
TASC D 12 7
Obstruction of FJ 0 0
Total 20 30
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OR: open revascularization, PTA: Percutaneous transluminal ang
aorto-common iliac.Table 3 summarised the main postoperative outcomes.
Normalisation of DROP was more frequent in group 1 than in
group 2: 53% versus 39% (p < 0.01). Similarly, follow-up at 3
months showed fewer patients reporting proximal pain in
group 1 than in group 2: 16% vs. 19% (p< 0.001). There was
not a significant difference between the two groups with
regard to improvement in MWD but mean ABI was signifi-
cantly higher in group 1 than in group 2: 1.00 0.13 versus
0.93 0.21 (p< 0.001).
Multivariate analysis showed that the severity of
stenotic and occlusive aorto-iliac lesions graded according
to the TASC II classification had no impact on either prox-
imal pain reported at 3 months or improvement in DROP.
Impact of patency of the SFA ipsilateral to proximal
ischaemia was assessed only in group 2. Assessment in
group 1 was not possible because the number of patients
presenting an occluded SFA was too small (nZ 1) to allow
statistical analysis. Study of data in group 2 showed that
normalisation of DROP was more frequent in patients with
a patent SFA than patients with an occluded SFA: 45% vs.
25% (p< 0.001).
Discussion
Background
Lower limb artery occlusive disease is common in Western
countries. Its prevalence is 1% at 50 years and up to 20% at
70 years.21,22 Cardiovascular risk factors include smoking,
arterial hypertension, diabetes and dyslipidaemia, whichion of vascular lesions graded using the TASC II classification
Group 2 Total
OR PTA
16 1 44
25 2 31
41 3 63
7* 0 7
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ioplasties; FJ is femoral junction; AO-I is aorto-iliac; AI-CI is
Table 3 Table comparing postoperative results overall and per group.
Total Group 1 Group 2 p
Postoperative delay for TcPO2 (days) 149 142 154 133 150 148 ns
Postoperative pain 26 (18%) 8 (16%) 18 (19%) <0.001
Postoperative ABI ipsilateral to revascularization 0.96 0.14 1.00 0.13 0.93 0.21 <0.001
Increase in ABI 0.21 0.30 0.20 0.26 0.22 0.32 ns
MWD (m) 482 351 532 373 454 337 ns
Increase in MWD (m) 318 332 365 363 294 313 ns
Postoperative DROP (mmHg) 20 15 17 16 21 15 ns
Increase in proximal DROP (mmHg) 10 17 13 18 9 17 ns
Normalization of proximal DROP 64 (44%) 27 (53%) 37 (39%) <0.01
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tent with those reported in the literature.17,19,21 Staging of
lower limb artery occlusive disease is based on the criteria
of the Leriche and Fontaine classification and more
recently the Rutherford classification.19,23 Although these
classifications are easy to use and reproducible, they are
designed mainly for ischaemia affecting the distal
extremity.
Proximal ischaemia of the lower limbs is mainly associ-
ated with occlusion of the IIA and its branches that supply
viscera of the pelvis as well as the gluteal and psoas muscle
groups that are essential for standing and walking.24,25
Unlike aneurysms, stenotic and occlusive lesions of the IIA
lesions are often neglected within the context of manage-
ment of artery occlusive disease.12 The fact that these
lesions are not only difficult to access by both conventional
and endovascular techniques but also reputed for poor
therapeutic outcome probably accounts for the paucity of
case reports describing symptomatic proximal ischaemia.4e8
Nevertheless, we showed that the prevalence of buttock
claudication could be as high as 30% among patients who
undergo aortobifemoral bypass without direct revascular-
isation of the IIA.1
Diagnostic modalities
Calculation of ABI is essential for diagnosis and follow-up of
PAOD. However, it has no value for assessment of IIA lesions
specifically when isolated. The gold standard examinations
for detection of IIA lesions are Doppler ultrasonography,
arteriography, CT scan and MRI. Although these procedures
allow determination of vessel patency and lesion severity,
they provide no information about the functional impact on
the territories supplied by the IIA. This is important since
differences in the extent of development of collateral
circulation can result in significant differences in the
functional impact of identical IIA lesions.
Measurement of TcPO2 using an electrode was first
described by Clarck in 1956.26 Values are correlated with
oxygen supply to the skin and muscles. It is a reliable and
sensitive technique for assessment of PAOD, especially in
response to exercise.27e31 Dynamic measurement of TcPO2
at the level of the buttock was recently validated and is
now considered as the most effective method for diagnosis
of proximal ischaemia.3 Its main advantages include being
non-invasive and cost-effective and providing objective
evidence for functional evaluation of proximal arterylesions.3,16,32 The limited availability of this new method
explains why investigation and diagnosis of proximal
ischaemia in response to exercise is still uncommon.
Other methods can be used for functional investigation of
proximal circulation. The utility of thallium muscle scintig-
raphy is limited due to problems of accessibility and cost.
Near-infrared spectroscopy is still less effective than exer-
cise TcPO2. Penile blood pressure has also been proposed,
but we recently showed that this technique that can only be
used in men is largely inadequate for detection of lesions
involving the IIA in the context of claudication.33e36
Assessment criteria
Perusal of the medical literature shows that direct OR or
PTA techniques are rarely used for treatment of IIA occlu-
sive arterial disease. This attitude of reluctance is rein-
forced by the notion that development and function of
substitute circulation from deep femoral arteries and their
branches can relieve symptoms of IIA lesions. The purpose
of this study was to objectively evaluate the functional
outcome of direct and indirect revascularisation in patients
with documented proximal ischaemia. The fact that direct
OR and PTA techniques are logically more likely to be
feasible in patients who are young and/or present early-
stage PAOD explains the higher mean age observed in our
group 1. Group 1 patients were also less numerous and
presented better ABI than patients in group 2.
In our opinion, normalisation of DROP, that is our main
study endpoint is the most objective assessment criteria
since improvement in DROP would be more difficult to
define. Our study showed that normalisation of DROP was
more frequent after direct revascularisation of the IIA. This
finding suggests that direct revascularisation is more
effective in terms of functional outcome. Similarly, the
lower rate of DROP normalisation after indirect revascu-
larisation in group 2 (39%) is consistent with the notion that
substitute circulation by development of collateral arteries
provides some relief.
Patient-reported postoperative proximal pain (hip,
buttock, and thigh) was a secondary endpoint in this study.
Despites the subjective nature of this criteria, our data
indicated that postoperative pain was lower in patients who
benefited from direct revascularisation of the IIA ipsilateral
to the proximal claudication. This finding appears to be
consistent with the main study endpoint since pain can be
considered as the clinical manifestation of ischaemia
328 A. Paumier et al.documented by TcPO2. Use of this criterion is also impor-
tant because buttock claudication, not ischaemia, is the
main patient complaint and basing assessment of revascu-
larisation outcome solely on normalisation of DROP might
minimise the therapeutic benefit of treatment of proximal
ischaemia. In this regard, it should be emphasised that
postoperative TcPO2 measurements in some patients in this
study demonstrated a significant improvement in MWD even
though DROP was unchanged. This suggests that blood flow
in the region improved since the same degree of ischaemia
was observed at a higher exertional level.
The other secondary endpoints of this study, that is, ABI
and MWD, improved significantly and comparably in both
groups. These findings indicate that the treatments proposed
to the patients in our study were beneficial. Evaluation of
these parameters (ABI andMWD) seemsmandatory since they
are the most common criteria used by clinical investigators
for assessment of treatment outcomes in patients with PAOD.
However, we do not consider them as adequate for assessing
treatment of proximal ischaemia since ABI is not directly
affected by elective revascularisation of the IIA.
TASC II and SFA
For the purposes of this study, vascular lesions at the aorto-
iliac level were graded using the TASC II classification
individually for each limb.17 Multivariate analysis showed
no evidence that lesion classification impacted upon
assessment criteria. This finding is probably because the
TASC II classification does not take IIA lesions into account.
By contrast, multivariate analysis indicated that patency of
the SFA ipsilateral to proximal ischaemia was a predictive
factor for successful treatment measured in terms of
proximal DROP. Occlusion of the SFA can be considered as
an indicator of advanced atheromatous disease and reduces
the efficacy of postoperative walking rehabilitation in
comparison with patients with patent SFA. The findings of
this study do not confirm the hypothesis that vascular steal
by the SFA from the deep femoral network worsens prox-
imal ischaemia.24
Study limitations
This study’s main limitation is its retrospective design. This
resulted in two major shortcomings. The first is that choice
between direct and indirect revascularisation was left to
the sole discretion of the surgeon. The second shortcoming
is that some patients who underwent revascularisation
could not be included as a result of selection criteria. The
main reason for exclusion is that objective assessment by
stress TcPO2 was not always performed before and/or after
revascularisation. This limitation also accounts for the
small number of patients studied despite our aggressive
policy regarding revascularisation of IIA. As a retrospective
analysis, the inclusion criteria of this study excluded all
eventual subjects that were not evaluated after surgery
and thus do not allow for the specific analysis of mortality
and postoperative morbidity. A yet unpublished study
ongoing in our institution suggests that the overall
(cardiovascular and non-cardiovascular) mortality observed
during direct conventional surgery, including a directrevascularisation of the IIA, is about 3% and to date no
patient undergoing PTA died in the 30-day post-procedure
period. This is in the same range as reported in previous
studies.10e38 Further, it should be noted that surgery was
never performed with the goal of revascularising the sole
IIA but only with IIA associated with aortic or common or
external iliac revascularisation.
Conclusion
Our findings strongly support the efficacy of direct and indi-
rect hypogastric revascularisation in improving or curing
proximal ischaemia. Even though one of the major factors in
therapeutic decision making, that is, operative morbidity,
was not taken into account, several previous studies have
shown that IIA revascularisation is difficult but feasible
without excessive morbidity or mortality.4e8,37 Based on our
experience showing that direct hypogastric revascularisation
is more effective in preventing buttock claudication, we
recommend its use whenever feasible in patients with
documented preoperative proximal ischaemia. Further
studywill benecessary toassess the long-term functional and
morphologic results of hypogastric revascularisation.
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